Background It has been hypothesized that early-life exposure to vaccinations, infections or antibacterials influence allergic disease development. Concurrent exposure to grass pollens may alter any effect. Objective To test the hypothesis that exposure to antibacterials, vaccinations (DTP or MMR) or specific infections during the first grass pollen seasons of life influences the risk of hayfever more than at any other time of the year. Methods Nested case-control studies were based on birth cohorts within two large databases of computerized patient records from UK general practices: the General Practice Research Database (GPRD) and Doctors' Independent Network (DIN). Seven thousand ninety-eight hayfever cases, diagnosed after age 2, were matched to controls for practice, age, sex and follow-up of control to case ascertainment date. Conditional logistic regression was used to compare exposure by age 1 (age 2 for MMR) inside vs. outside the grass pollen season (May, June, July). Odds ratios (ORs) were pooled across databases. Results There were no associations in either database between MMR during vs. outside the grass pollen season and later hayfever. Of 23 infections studied, none were statistically significant; although analyses for the less common conditions were limited by low statistical power. The pooled OR for hayfever comparing exposure to antibacterials only in the grass pollen season with only outside it was 1.20 (95% CI 0.98-1.47) and for DTP was 0.84 (95% CI 0.72-0.98). Conclusion Although an interaction between early exposure to microbial agents and concurrent grass pollen exposure on hayfever risk seemed plausible, there was little evidence to support it across a range of analyses. However, the effect of DTP though weak deserves further study.
Introduction
The earliest grass pollen seasons of a child's life are potentially critical periods for the initiation and development of pollen sensitization and hayfever. Previous epidemiological studies have explored this by investigating variations in the prevalence of pollen allergy by month of birth, but the results have been inconsistent [1] [2] [3] [4] [5] [6] [7] . In 755 Japanese schoolchildren, the prevalence of allergic rhinitis (AR) was significantly higher in those who were born between August and October [4] . In 6535 10-yearolds in Munich and Bavaria, those born in May had a 50% increased risk of hayfever whereas those born in November were protected (40% reduced risk) [5] . In a study of Derbyshire schoolchildren, there was no significant association between month of birth and hayfever prevalence, although prevalence was the lowest for June and July births [7] . More specifically, it has been hypothesized that concurrent challenge to the immune system by pollens and microbial agents early in life may inhibit proliferation of T-helper type 2 (Th2) cell clones and thereby prevent allergy [8] . In the only study to test this hypothesis epidemiologically, Strachan et al. [6] studied 11 765 adolescent children in Sheffield, UK, and found no relationship between infection in month 1 and the prevalence of later hayfever in 960 June births.
Previously, we and others have exploited the potential of large primary care databases to examine the role of factors operating in the first year of life on the risk of developing hayfever and asthma. The roles of routine vaccination [9, 10] , infectious illnesses [11] and antibacterials [11, 12] have been examined. Overall, the findings have been negative; however, the possibility exists that exposure to these agents during the grass pollen season may induce different effects from exposure outside the grass pollen season.
We therefore hypothesized that: (i) routine vaccination, (ii) infectious illnesses presenting during the grass pollen season or (iii) exposure to antibacterials during the grass pollen season, indicating infectious illness at the time of early allergen exposure, reduce the risk of subsequent hayfever. We investigate these hypotheses using two large UK-based primary care databases (PCDs): the General Practice Research Database (GPRD) and the Doctors' Independent Network (DIN) [13, 14] . The advantage of using these is that the exposures and outcome are reliably recorded, the results apply to the general population and the analyses are based on large numbers of subjects. The latter is particularly important when examining the interaction between microbial agents and the grass pollen season.
Methods
We conducted nested case-control studies within a GPRD cohort of 76 310 children born between 1989 and 1993 from 464 practices and within a DIN cohort of 40 183 children born between 1989 and 1997 from 141 general practices. All children had at least 5 years of follow-up from birth and had been registered with the practice within 3 months of birth. Background information on the DIN database and the birth cohorts defined in GPRD and DIN are published elsewhere [13, 14] .
For each case of hayfever diagnosed, we selected one control child, matched for general practice, sex, birth month and follow-up of control to at least date of diagnosis of case. A more detailed account can be found in Bremner et al. [12] . Cases of hayfever were those who had diagnostic codes and/or treatment for hayfever, after 2 years of age. Children who were only diagnosed before age 2 and not subsequently confirmed, or who only ever had non-specific AR codes that did not exhibit a seasonal pattern were excluded from being cases or controls.
The advantages of using the two separate databases were: (i) we could assess the consistency of results across databases and (ii) pooling data from both databases increased power. Pragmatically, we defined the grass pollen season as May, June and July, although we recognize that this varies according to location and annual weather fluctuations [15] . May, June and July births are likely to be exposed to two partial grass pollen seasons in year 1.
We carried out three different matched case-control analyses, all analysed by conditional logistic regression using proc phreg in SAS version 8.1 [16] . In the first, we considered: (i) only those pairs where both infants were fully vaccinated to third DTP by month 12, exposure being at least one dose within the grass pollen season vs. no doses within the grass pollen season; (ii) only those case-control pairs with both members vaccinated with MMR by 24 months, with exposure being MMR within vs. outside a pollen season. We excluded pairs where the case and/or control were not exposed because such non-exposed subjects may differ from those exposed in important respects such as consultation behaviour, social circumstances or family size.
In the second analysis, we explored a wide variety of infections ranging from common, such as diarrhoea and vomiting, to rare, such as threadworms, as defined in DeWilde et al. [17] . As a control condition, we also included behavioural problems in our selection, as these are not uncommon and could not feasibly be related to the risk of developing hayfever. We were interested in comparing the effect upon hayfever of infection only in a grass pollen season vs. the same infection only outside a grass pollen season. However, for many of the casecontrol pairs where one child fell into one of these two exposure groups, the other would either not be exposed at all or be exposed in both periods. For example those case-control pairs where one was exposed in the pollen season and the other was not exposed at all provide an estimate of pollen season exposure vs. no exposure. Equally, other pairs where one was exposed outside the pollen season and the other was not exposed provide an estimate of non-pollen season exposure vs. no exposure. Putting both estimates together gives an estimate of pollen vs. non-pollen season exposure. Excluding all such pairs would exclude the majority of subjects for certain conditions, severely compromising statistical power. For infections, we therefore based the analysis on all casecontrol pairs.
In the third analysis, exposures to antibacterials in these months were flagged. We then defined variables to code exposure only in the grass pollen season, only outside it, in both periods and in neither period of the first 12 months of life. As with immunizations, the analysis was limited to those case-control pairs where both were exposed to antibacterials during the first year of life.
Odds ratios (ORs) were pooled across databases using a fixed-effect model. This was carried out using the metaanalysis command available for Stata [18, 19] . GPRD's Scientific and Ethics Advisory Group (SEAG) gave ethical approval for our study.
Results
The cumulative incidence of hayfever in GPRD was 5.6% and 7.3% in DIN. In GPRD, the cases were followed up for a mean of 7.4 years, and the mean age of first diagnosis of hayfever was 4.6 years. The corresponding figures in DIN were 8.2 years of follow-up and a mean age of 5.1 years at first diagnosis. Further details are available in Bremner et al. [12] . In both our GPRD and our DIN cohorts, the highest percentages of hayfever cases had been born in March, April, May and June (around 9-10% in each of these months). It should be noted that season of birth is controlled for in our study design by matching of controls to cases for date of birth.
To illustrate the level of exposure to the different microbial agents by season, we give the total number of cases plus controls in both cohorts (ignoring matching): (i) not exposed, (ii) exposed only outside the grass pollen season, (iii) exposed only within the grass pollen season and (iv) exposed both in and outside the grass pollen season as well as the percentage of cases plus controls exposed (Table 1) .
Vaccinations
In GPRD, 83.7% of case-control pairs received their third DTP before age 1 and 94.7% received their MMR before For the vaccinations and antibacterials, case-control pairs were restricted to those where both had been exposed. Ã ''Not'' exposed to antibacterials and vaccinations were not analysed but are presented for completeness.
w Any DTP dose in grass pollen season vs. none in grass pollen season. (Fig.  1) The fixed-effects pooled estimate was 0.84 (95% CI 0.72-0.98) ( Table 1) .
Receipt of MMR in a grass pollen season by age 24 months was associated with an increased OR of hayfever in the GPRD (1.11) and a reduced OR in DIN (0.97) (Fig. 1) . Both the CI estimates included 1 and the fixed-effects model gave a combined estimate of 1.05, which was not statistically significant (Table 1) .
Infections
The prevalence of infections among all case-control pairs ranges from 47% for URT to 0.4% for abscesses ( Table 1) . As a result, the power for contrasting risk of exposure within to outside the groups is limited for a number of the infections. This is reflected in wider confidence limits for the estimated ORs, particularly when analysing the two databases separately (Fig. 1) .
For some conditions, there was substantial variability between the GPRD and DIN results (Fig. 1) . For most conditions, however, the overlap between the CIs was large and, of the 23 infections plus behavioural problems comparable in this way, in only seven instances did the estimate from one database not lie within the 95% CI of the other database. In 14 comparisons, one database estimate was negative (OR o 1) and the other positive (OR 4 1). There was no tendency for one database to consistently report higher ORs than the other (Fig. 1) .
On pooling, most of the ORs were close to 1 ( Table 1 ). The CIs were wide for many of the conditions, even after pooling. The only border line significant association with hayfever was for otitis externa within compared with outside the grass pollen season (pooled OR 0.50, 95% CI 0.22-1.10, P = 0.09).
Antibacterials
In GPRD, for cases and controls combined, 5.1% of children were exposed to antibacterials only in a grass pollen season, 17.9% were exposed both within and outwith a grass pollen season, 40.3% were exposed only outside and 36.7% were not exposed. In DIN, the percentages were 5.4%, 14.5%, 38.6% and 41.5%.
Our analyses were restricted to the case-control pairs where both members had received antibacterials in year 1 (43.6% in GPRD and 36.6% in DIN). The OR for exposure within compared with outside the grass pollen season was 1.19, 95% CI 0.91-1.54) in GPRD and 1.22 (95% CI 0.89-1.67) in DIN (Fig. 1) . The pooled OR was 1.20 (95% CI 0.98-1.47) ( Table 1) .
Discussion
In two population-based birth cohorts, we have not demonstrated any significant relationship between hayfever and vaccination with MMR, with infections or use of antibacterials relative to the grass pollen season. The significant effect of DTP may be a chance finding, given the large number of comparisons made, but given its policy relevance it deserves further study.
In investigating exposure to early-life infections and risk of subsequent atopic disease, some authors have considered the total burden of infection [20] [21] [22] [23] . We decided not to define the total burden as we were investigating such a broad range of conditions and because of the difficulty of distinguishing new disease episodes. While incident infections are easy to identify in PCDs, recurrent diagnostic codes may not reflect new disease occurrences.
Despite differences in coding conventions and data structure, the two databases revealed similar results, instilling greater confidence in the generalizability of our conclusions. Compared with our earlier publications, which examined the effect of exposure to antibacterials or immunizations at any time in the first year of life vs. not, the analyses presented here are less likely to be confounded [10, 12] . This is because, unlike our earlier studies, we are not comparing subjects exposed or not exposed to a particular microbial agent, which may be confounded with individual and family characteristics, such as consultation behaviour. Rather, we are comparing those exposed in different seasons. Such differences are unlikely to be confounded by individual or family characteristics.
We considered hayfever to be a suitable outcome to investigate as it is undeniably atopic and the relevant allergen exposure is confined to the spring and summer months. Further, the crucial development period of the immune system investigated here (largely year 1) and the diagnosis of hayfever have substantial temporal separation. We carefully defined treated hayfever using specific therapies and seasonal presentation, and believe the vast majority of our cases to have hayfever. Criticism could be levelled at our definition of the pollen season; some grass pollens are still being released in August, a month that we did not include in our definition of the pollen season, but these are at much lower levels than in May, June and July [24] . The effect of this would be a reduction in power to detect an OR different to 1 for the comparison 'exposed only in the grass pollen season' vs. 'exposed only outside the grass pollen season'.
Our study posed a well-defined question, with minimal confounding, across a range of exposures that are central to the 'hygiene hypothesis'. While previous studies have investigated early exposure to the agents we describe in relation to hayfever, only one has addressed this interaction with the pollen season [6] ; few others would have had sufficient statistical power to do so. Although the notion of an interaction between microbial agents and the grass pollen season on hayfever risk seemed plausible, there was little evidence to support it across a range of analyses. We conclude that previous studies that considered only allyear exposures were not misleading. However, given its policy relevance, the borderline effect of DTP deserves further study.
